Abstract: Green certification rating systems have been developed for building-scale sustainability since 1990s, and several systems such as BREEAM, LEED and CASBEE are widely used. They have kept upgraded and recently adapted to the large-scale development. BREEAM Communities, LEED Neighborhood Development and CASBEE for Urban Development are examples implemented respectively in UK, USA and Japan. Also, as the notion of green urban design gains more significance, city governments have set its own green standards in urban design guidelines, based upon studies of green certification rating systems. This paper focuses on comparative analysis of material criteria embedded for sustainable urban design in BREEAM Communities, LEED ND and CASBEE UD with urban design guidelines recently issued for multiple cities including London, New York, Tokyo and Seoul. The paper examines differences of material assessment criteria, evaluation parameters, and descriptions in green certification rating systems and urban design guidelines. Materials are categorized into: (1) building (2) infrastructure (3) landscape. In analysis of urban design guidelines, the top master plans are overviewed in addition to the supplementary guidelines for investigation of detailed material criteria. In conclusion, overview of investigated material criteria is discussed to summarize current features and weakness as balanced material assessments for the sustainable urban development
Introduction
More countries make efforts to introduce and develop green cities and subsequently, administrative governments and policy councils are involved in setting up tools and guidelines to accelerate formation of sustainable urban neighborhoods and implement green city planning and development. Among various systems dedicated to assess, guide and regulate the sustainable approach in architecture and urban planning, the green certification rating systems have been considered as reliable and meaningful tools to achieve the goal of sustainability. In many leading countries, green certification rating systems for building-scale sustainability have been established since 1990s. They have endlessly updated and applied into multiple range of projects in different types and scales. The most widely applied examples are BREEAM (Building the Research Establishment Environmental Assessment Method) in UK, LEED (Leadership in Energy and Environmental Development) in USA, and CASBEE (Comprehensive Assessment System for Building Environmental Efficiency) in Japan. These systems were divided into many specialties including neighborhood development and city planning: BREEAM Communities, LEED ND, and CASBEE UD.
These systems are assessment tools to indicate the level of achieving sustainability in design process, implementation and operation of a neighborhood development project. They are not mandatory programs for all of developments, rather voluntary preferential tools applied by the project initiators. These schemes cannot control and regulate the design and planning strategies unless otherwise directed by the governments. Therefore, to imply the sustainable urban design standards and strategies in current and future projects, a number of city authorities endeavor to integrate items and criteria of green certification rating systems in their urban design guidelines after conducting researches and studies.
All of rating systems and green urban design guidelines are differently organized and classify evaluation items. Nevertheless generally site, transportation, energy, water, atmosphere, and resources are major elements targeted in sustainable design. Among those, energy has been highly recognized in numerous studies and project executions. Recently, resources raise attentions in approaching various issues on material life-cycle impacts, natural resource depletion, pollution, health and physical materialization tools for other environment-friendly strategies for energy, water and atmosphere. Especially for urban designers, landscape designers and architects, materials are the main subject to deal with environmental problems as well as their design principles and disciplines. From this view, the paper focuses on material assessment criteria in green certification rating systems and descriptive standards on materials in urban design guidelines.
The paper is organized as follows: Section 2 identifies and compares material criteria in green certification rating systems including BREEAM Communities, LEED ND and CASBEE UD. In the analysis, the concept of three legs of sustainability is adopted. Section 3 outlines material requirements in urban design guidelines of New York, London, Tokyo and Seoul, and compares the material criteria for building, infrastructure and landscape of all the guidelines with the previously discussed green certification rating systems.  Each sphere includes three indicators to cover environmental, economic, and social issues in an equal attitude.  Indicators are proposed based upon some concepts in Pharos Lens, Building Materials and Furnishings Sustainability Assessment Standards by the Whole Building Design Guide [4] , and University of Michigan Sustainability Assessment [5] , and Ten Shades of Green [6] 4 This section examines differences of material assessment criteria, evaluation parameters and methods, descriptions in green certification rating systems. BREEAM Communities, LEED ND and CASBEE UD adopt different assessment criteria. Assessment criteria in BREEAM Communities are grouped into five categories, which are considered in three steps from step 1 establishing the principles, step 2 determining the layout to step 3 designing the details. [7] The LEED for ND addresses five topics. [8] CASBEE UD has classifications of environment, society, and economy as major criteria of assessment by adopting the Three Legs of Sustainability in its structure. [9] As shown in Table 1 , BREEAM Communities and LEED ND include more classification of minor items than CASBEE UD. As a result of analysis of detailed description of minor items related to materials, each green certification system shows a different weight on materials in evaluating sustainability of urban design and development depending on its assessment criteria. In BREEAM Communities, material items are included in Resources and Energy, and Transport and Movement. In LEED ND, material items are included only in Green Infrastructure and Buildings. In CASBEE UD, material items are covered in all of classifications of environment, society and economy. In major criteria, Environment: Resource, Environment: Nature, Environment: Artifact, Social: Amenity, and Economy: Efficiency/Rationality have minor items regarding materials. As Figure 2 shows, CASBEE UD has the highest ratio of material assessment items in its rating system compared to LEED ND and BREEAM Communities. For comparative analysis of detailed items, the previously proposed circle of sustainable materials is adopted as a tool in Table 2. BREEAM Communities specifies low impact materials, sustainable   10   6   6   19   50   34   0%  20%  40%  60%  80%  100% CASBEE UD LEED ND
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No. of Material-related Items No. of Other Items buildings and resource efficiency to drive healthy, safe and habitable communities and environment. Its unique item is specification of shelter seating materials at public transport facilities to be durable.
LEED ND values in recycled content in infrastructure as well as solid waste management infrastructure. In addition, it specifies materials with SRI higher than 29 to mitigate heat island effects. Regional Priority criteria would be possible to be used to evaluate locality of materials in urban development, although current details don't include use of the local and regional materials.
CASBEE UD covers almost all criteria of the circle of sustainable materials except Life Cycle Cost and Locality, which are not included in any analyzed rating systems, although it is considered as an important concept in sustainable material standards. It assesses materials of landscape such as pavement, street furniture, lighting and signs for environmental habitat and settlement, and social harmony. In prescribing recycling, it tends to be more specific on materials types in consideration of local resources. In Figure 3 , all of rating systems cover the three spheres of sustainability, but BREEAM Communities and LEED ND tend to focus on more on reuse of existing infrastructure and buildings, achieving environmental resources and social preservation. CASBEE UD approaches materials as resources to be saved and recycled but also as factors attributing other environmental sustainability and harmonized urban structure. This chapter focuses on analysis of material criteria and requirements in urban design guidelines recently issued in major cities such as London, New York, Tokyo and Seoul. Also, they will be compared with s the green certification rating systems. Among many guidelines and standards by each municipality, we looked at the top master plan setting up the future vision and directions of city planning as well as supplementary guidelines for environment, landscape and infrastructure depending on availability according to the urban guideline structure by each municipality.
London
The Greater London Authority (GLA) published the first London Plan in 2004 as the spatial development strategy (SDS) focusing on sustainability and spatial plan. As circumstances change such as economy and population growth, the London Plan has kept altered or, if necessary, replaced. Under the legislation of GLA Act 1999, the London Plan take account of three cross-cutting themes: economic, social, environmental. Then, it sets out a fully integrated framework of three legs of sustainability for the development of the capital over the next 20-25 years. It forms part of the development plan for Greater London. 32 London boroughs' local plans need to be in general conformity with the London Plan, and its policies guide decisions on planning applications by councils and the Mayor [10] .
The latest London Plan (2015) is composed by eight chapters: Context and strategy, Places, People, Economy, Response to climate change, Transport, Living places and spaces, Implementation, Monitoring and review. The figure 4 shows ratio of material-related policies in each categories of the London Plan. Among total 121 policies, there are eleven material-related policies: six polices in Response to Climate Change and five polices in Living Spaces and Places. Figure 4 . Ratio of Material-related policies in the London Plan (2015) Table 3 shows the eleven material-related policies with their description. They cover the broad spectrum of sustainable material such locality, reuse and recycling, reduction, waste, health, pollution, and high performance. In consequence, it covers all of economic, social, environmental issues [11] . Since the London Plan is the overall city plan, it does not describe the detailed strategies. The Supplementary Planning Guidance (SPG) provides further detail on particular policies in London Plan. The latest version of Sustainable Design and Construction SPG (2014) provides guidance on the implementation of London Plan policy 5.3 -Sustainable Design and Construction, as well as a range of policies. It composed three chapters: Resource management, Adapting to climate change and greening the city, Pollution management (land, air, noise, light and water). Though various material-related practice are introduced in multiple chapters, majorly, chapter 2.7 Material and Waste provides guidance by phases in detail as shown in Table 4 [12]. 
New York
The City of New York released PlaNYC in 2007 to address its long-term challenges including the forecast of 9.1 million residents by 2030, changing climate conditions, an evolving economy, and aging infrastructure. It is the comprehensive sustainability plan for a greener, greater New York [13] . The City has updated PlaNYC every four years, with the next update due out in 2015. Also from 2007, the Progress Report has been published for monitoring PlaNYC, and the sixth progress report was published in 2014 [14] . The latest version of PlaNYC (2011) launched 127 initiatives in ten categories: Housing and neighborhoods, Parks and public space, Brownfields, Waterways, Water supply, Transportation, Energy, Air quality, Solid waste, and Climate change. Some of initiatives are related into materials, but the major issue is about managing waste in the city rather than about design and construction materials as shown in Table 5 [15] . All city projects should be informed by PlaNYC. To guide the sustainable development of publiclyowned property, the Department of Design and Constructions (DDC) issued several design manuals with more detailed information.
The High Performance Infrastructure Guidelines (2005) was published after the High Performance Building Guidelines (1999) to manage design and construction of streetscape and public right of way projects. Infrastructure Division of DDC worked on this in partnership with The Design Trust for Public Space, which is non-profit organization. Then, this is more about design and construction rather than overall city plan. It focuses on the seven dimensions: Site Assessment, Streetscape, Pavement, Utilities, Stormwater management, Landscape, and Construction practices. And, this presents the fifty three Best Management Practices (BMPs), practical strategies and technical strategies and technical resources for sidewalks, roadways, utility projects, and their adjacent landscaped areas. Among those, six BMPs of three dimensions are related into material as shown in Table 6 . It provides the specification of materials to achieve with references and introduce examples in NYC as the precedents [16] . (2004) is an official plan to define the urban development policy, the disaster prevention policy and the development and maintenance policy of urban residential areas. [18] Master Plan for City Planning Areas defines the future vision of the city and serves as the foundation for drafting individual city plans as obligatory. [19] Reinforced network between water and greenery and realization of the city coexisting with the environment are main themes in the agenda to create a rich urban environment. To preserve subsistent foundation of all living being, conservation and recycling of resources is promoted in the direction of reducing waste and promoting recycling, and of promoting sound waste processing and developing recycling business. In this direction, the targets are: To reduce the amount of final waste treatment; To eliminate the disposal of plastic waste to landfills by promoting the recycling of plastic waste materials; To increase the use of recycled construction soils; To create a mechanism that enhances that market value of excellent industrial waste processing companies.
In addition, to alleviate heat stress, measures such as greening, water-retaining pavement, thermal barrier pavement and highly reflective coating are promoted in this master plan. In general, materialrelated items in environmental measures of the Tokyo Metropolitan Environmental Master Plan are to create a high quality and more comfortable urban environment and to preserve subsistent foundation of all living being. These material-related items mainly relates to the concept of environmental resources and environmental habitat and settlement in the circle of sustainable materials. Material-related Items Items Guidelines for consideration regarding urban planning aims to present the items for urban planning that private and public companies should consider at the phase of planning and implementation. It functions as a checklist to assess the environmental system. And it is organized in three parts: common items for consideration applicable to the urban planning, major items considered on the basis of regional characteristics of each zone of Tokyo and major items for consideration on the basis of each characteristic of the various operations involving urban planning.
[21] The city is zoned as: Center Core Revitalization zone (CCR), Urban Environment Revitalization zone (UER), Networking Zone of Suburban Core Cities (SCC), Tokyo Bay Waterfront Vitalization Zone (TBW), and Natural Environment Preservation and Utilization Zone (NPU). The general structure of guideline maintains three sectors as the Tokyo Metropolitan Environmental Master Plan has. Required material approaches are more specific and detailed than CASBEE UD, while covering most items in CASBEE UD and differentiating values of items according to the regional and operational characters. Table 8 shows material-related consideration items in three parts categorizing basic environmentally friendly items and detailed considerations and approaches in urban development. (2014) is a strategic plan mainly focusing on five main emerging issues. Seoul Master Plan shows up directions of supplementary plans in terms of use, development and preservation of land. The master plan is a comprehensive plan ranging over various disciplines including society, economy, environment, energy, transportation, infrastructure, culture and welfare. The city sets up regional plans and guidelines to fill a gap between the master plan and subordinate plans. Among five main issues of the master plan, the theme of Safe City with Life Alive involves three objectives of creating an eco-city led by parks, realizing a resource circulation city with energy efficiency, and making a safe city protecting all together. Each objective is implemented in strategies, and material-related strategies are included as shown on Table 9 . Specific measures, targets and detailed items are not covered in this master plan. Landscape Design Guideline Manual (2012) sets up targets and strategies according to characteristics of landscape types in four categories. Generally sustainable requirements for landscape design are insufficiently described, except for greening. Material-related strategies in this manual are related to historical and cultural atmosphere and harmonization with historical resources and their unique features. Architectural materials shall be considered for its quality to suit historical surroundings and its durability. Landscape Design Guideline and Checklist specifies material qualities for each landscape zones as shown at Table 10 . 
15
Urban Development Sustainable Building Environment Assessment Guideline (2011) applies to projects over the scale at environment impact evaluation target, as an urban development project. Criteria for evaluation are organized in 7 sectors with 41 items, covering land use, transportation, energy, ecological environment, resource cycling, water cycling and indoor environment. Material items include thermal insulation, environment-friendly architectural materials, recycled wastes, permeable pavement and materials with low-emission of VOC and asbestos, as shown at Table 11 . These are limited to building materials. Material is recognized as a part of surfaces and buildings in specific measures to achieve goals of energy, water, and indoor environment. The concept of material as economic and social resources are not fully accepted in these guidelines, although the landscape guideline highly focuses on these values. 
Research Summary
From the examination of urban master plans and design guidelines, we can point out the general differences between Seoul and other three cities. London, New York and Tokyo have their urban master plans and design guidelines in close associations to set up criteria sectors, to describe requirements and to specify measures, evenly in infrastructure, landscape and building materials. But in case of Korea, there is no green certification system for urban development, which can be the basis to set up the urban design guidelines with detailed measures. All of Seoul's top Master Plan, and urban design guidelines as well as district-level master plans and guidelines show inconsistent aims and sectors for sustainability assessment.
To compare urban guidelines of each city with green certification rating systems further, this analysis uses the proposed circle of sustainable materials as a study protocol. As shown in Figure 7 , each guideline has different structures, features and considerations of material requirements.
In From the balanced concept of sustainability, New York urban design guidelines is heavily weighted towards environmental issues. The material techniques and specifications are described in most details among urban design guidelines.
Although the City Planning Vision centers on only these issues, other design guidelines cover most issues in detail except for Preservation and Life Cycle Cost. Urban design guidelines of Tokyo specifies material requirements as per regions and project types, as well as materials at different scales of urban design. While CASBEE UD includes Preservation issues, Tokyo urban guidelines don't have any items as a preservation strategy.
Seoul has the least items for sustainable materials in its urban guidelines. Also, compared to other guidelines, the urban design doesn't involve the material selection and uses in infrastructure. Although the top master plan targets resource recycling, supplementary guidelines don't include any strategies and measures to develop and implement resource recycling. Many issues are approached from building materials and are not specified in details. (c) (d) In summary, London and New York have detailed material criteria in their top master plans while Tokyo has supplementary urban design guidelines specifying most sustainability issues in materials. Most of items in material criteria interact with green certification rating systems. Similarly to green certification rating systems, Life Cycle Cost isn't integrated in material criteria in none of urban design guidelines.
Conclusions
In this paper, the circle of sustainable materials is proposed as a tool for comparative analysis of green certification rating systems, and urban design guidelines of London, New York, Tokyo and Seoul. In the tool, evaluation criteria includes three major sectors of environment, economy and society to embrace the concept of sustainability. In addition, materials are categorized into building materials, landscape materials and infrastructure materials to cover all of material elements available in urban developments. Overview of material criteria in green certification rating systems and urban planning guidelines is discussed to summarize current system features and their weakness as balanced material assessments for the sustainable urban development as following:
First, all of green certification rating systems including BREEAM Communities, LEED ND and CASBEE UD evaluates Resources, Preservation and Durability & Adaptability for sustainable materials in common. Although there are difference of levels and strategies in assessing other sustainability issues of material, all of them pursue balanced concept of sustainable materials in environment, economy and society.
Second, all of urban design guidelines for London, New York and Tokyo share the directions and strategies for sustainable materials with green certification rating systems, but with more specific and more various measures. In case of Seoul, without a certification rating system, urban guidelines are not as fully developed as others.
Third, the structures of design guidelines, detailed material requirements and approach in different scales varies depending on cities.
Lastly, the concept of Life Cycle Cost seems hard to be incorporated in any green certification rating systems and urban design guidelines. Although preservation is the commonly shared item in certification rating systems, it is not required in urban design guidelines of all the discussed cities.
The notion of preservation and life cycle cost in material assessments and requirements should be further studied to achieve sustainability in material implementations of urban development.
